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chiatryArchival Report BiolPsyReduced Face Preference in Infancy:
A Developmental Precursor to Callous-
Unemotional Traits?
Rachael Bedford, Andrew Pickles, Helen Sharp, Nicola Wright, and Jonathan HillABSTRACT
BACKGROUND: Children with callous-unemotional (CU) traits, a proposed precursor to adult psychopathy, are
characterized by impaired emotion recognition, reduced responsiveness to others’ distress, and a lack of guilt or
empathy. Reduced attention to faces, and more speciﬁcally to the eye region, has been proposed to underlie these
difﬁculties, although this has never been tested longitudinally from infancy. Attention to faces occurs within the
context of dyadic caregiver interactions, and early environment including parenting characteristics has been
associated with CU traits. The present study tested whether infants’ preferential tracking of a face with direct gaze
and levels of maternal sensitivity predict later CU traits.
METHODS: Data were analyzed from a stratiﬁed random sample of 213 participants drawn from a population-based
sample of 1233 ﬁrst-time mothers. Infants’ preferential face tracking at 5 weeks and maternal sensitivity at 29 weeks
were entered into a weighted linear regression as predictors of CU traits at 2.5 years.
RESULTS: Controlling for a range of confounders (e.g., deprivation), lower preferential face tracking predicted higher
CU traits (p 5 .001). Higher maternal sensitivity predicted lower CU traits in girls (p 5 .009), but not boys. No
signiﬁcant interaction between face tracking and maternal sensitivity was found.
CONCLUSIONS: This is the ﬁrst study to show that attention to social features during infancy as well as early
sensitive parenting predict the subsequent development of CU traits. Identifying such early atypicalities offers the
potential for developing parent-mediated interventions in children at risk for developing CU traits.
Keywords: Callous-unemotional traits, Face preference, Maternal sensitivity, Infant development, Precursor, Psychopathy14
Biohttp://dx.doi.org/10.1016/j.biopsych.2014.09.022Among antisocial adults, psychopathy is associated with more
severe and enduring violence and offending (1,2). The pro-
posed childhood equivalent, callous-unemotional (CU) traits,
evidenced by a lack of responsiveness to, or concern for,
others’ distress, is also associated with severity and persis-
tence of offending and aggression as well as increased burden
on families (3–5). Despite the clear need to understand the
developmental origins of CU traits, few studies have examined
infant predictors.
In children with CU traits, core impairments such as
responsiveness to others’ distress cues have been associated
with a lack of attention to the eye region. Eye contact occurs
during interaction with a parent or caregiver and forms a
critical component of an infant’s early social communication,
inﬂuencing the development of the social brain (6). The early
environment also plays an important role with factors such as
positive parenting associated with lower CU traits, offering a
target for potential interventions. The present study examines
the role of infants’ preferential attention to a face with direct
gaze and maternal sensitivity as predictors of subsequent
CU traits.4 & 2015 Society of Biological Psychiatry
logical Psychiatry July 15, 2015; 78:144–150 www.sobp.org/journal
SEE COMMENTARY ARAttention to the Face
In typical development, early social interaction (e.g., attention
to faces, reciprocal smiling) facilitates bonding with (and
learning from) the caregiver during the protracted period of
postnatal development (7,8). In typical development, sensitiv-
ity to another person’s face and eye gaze appears to be
present from immediately after birth (8,9). In the ﬁrst few
months of life, faces are processed by a subcortical route, via
the superior colliculus, pulvinar, and amygdala (10). Infant face
preference is thought to be driven by the conﬁguration of the
eyes within the face, which maximally activates this low spatial
frequency subcortical pathway (11). More recently, this route
has been proposed to modulate activation and inﬂuence the
development of the social brain network [i.e., fusiform gyrus,
prefrontal cortex, and superior temporal sulcus regions (6)]
specialized in adults for the processing of social stimuli. It is
plausible that atypical face preferences early in infancy con-
tribute to later impairments in socioemotional behavior (12).
A decreased recognition of, and amygdala activation in
response to, fearful faces, which may underpin failures toISSN: 0006-3223
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Psychiatryregulate aggression in the face of others’ distress, is
associated with CU traits (13). There is also evidence that
elevated CU traits and reduced fear recognition are asso-
ciated with reduced attention to the eyes (14–17). Could
early difﬁculties in orienting toward a person’s face underlie
the social and emotional impairments characteristic of
children with CU traits? Dadds et al. (16) hypothesized that
a failure to attend to emotionally salient stimuli such as
another person’s eyes might be present very early in the
development of CU traits, with direct effects on responsive-
ness to others’ distress and indirect effects through a
reduced ability to beneﬁt from parental sensitivity. However,
to date, no studies have examined whether reduced face
preference in infancy could represent a developmental
precursor to CU traits.
Role of Parenting in CU Traits
A child’s early environment is known to play a role in the
development of CU traits (18). Research into the effects of
early parent characteristics on subsequent CU traits has
yielded mixed results; several studies failed to show associ-
ations for measures such as parental involvement, monitoring/
supervision, discipline, and poor parental practices (19–21).
However, associations have been found between early pos-
itive parenting characteristics (i.e., parental warmth) and
decreased CU traits (22–24) [Waller et al. (25)]. Low maternal
warmth and affection predict higher adolescent CU traits even
after controlling for risk factors such as childhood abuse and
neglect (26). Interactions with parents over the ﬁrst months of
life provide numerous opportunities to attune with others’
emotions and intentions, provided that parents are responsive
to infant cues (27,28). Sensitive parenting may promote the
development of empathy and social understanding and reduce
risk of CU traits.
Dyadic Interaction
There may be limits to the effect of parental sensitivity in the
presence of reduced looking toward the caregiver’s face.
Dadds et al. (16) speciﬁcally hypothesized that an early lack
of attention to the eyes of an attachment ﬁgure reduces the
beneﬁcial effects of sensitive parenting and, over the course of
development, results in the social and empathy deﬁcits
characteristic of children with CU traits. In line with this
hypothesis, they found reduced eye contact in boys with high
CU traits (age range, 5–16 years; mean, 8.9 years) in inter-
actions with both of their parents, despite the fact that the
mothers of the children with high CU traits did not themselves
show impairments, a ﬁnding replicated in a later study by
Dadds et al. (17).
Gender Differences in CU Traits
Most studies of CU traits have focused predominately on male
participants, likely because of increased prevalence of CU
traits in boys (29). However, several studies have found gender
differences relating to the relative contribution of genetic and
shared environmental inﬂuences suggesting that CU traits in
boys are more highly heritable than CU traits in girls (30,31).
Gender differences have been found for parenting, with
positive parenting measures negatively associated with CUBiologicaltraits only in girls (22,23). Exploring the role of gender in the
developmental pathway leading to CU traits is an important
next step.
This is one of the ﬁrst studies to examine prospectively
early developmental processes in CU traits. Based on avail-
able evidence from cross-sectional studies in children, we
hypothesized that reduced preferential tracking of a face with
direct gaze in infancy represents an early vulnerability for
CU traits. In addition, early parental sensitivity may lead to
reductions in CU traits by increasing opportunities to respond
to others’ emotions and intentions. However, the beneﬁcial
effect of parental sensitivity on the development of CU traits
may be reduced by lower eye contact and may be less evident
in boys than in girls. We tested the following speciﬁc
predictions: 1) reduced preferential tracking of the human face
at 5 weeks will be associated with higher CU traits at 2.5
years, 2) elevated maternal sensitivity assessed at 29 weeks
will predict lower CU traits, 3) there will be an interaction
between maternal sensitivity and face tracking in the predic-
tion of CU traits, and 4) there will be an interaction between
maternal sensitivity and sex of infant in the prediction of
CU traits.
METHODS AND MATERIALS
Participants
Mothers and children participated in the Wirral Child Health
and Development Study, a consecutive cohort of 1233 women
(mean age, 26.8 years; SD, 5.8 years) recruited at 20 weeks of
pregnancy with their ﬁrst child [Sharp et al. (32)].
An intensive subsample of 316 women, stratiﬁed by partner
psychological abuse, was identiﬁed at 32 weeks’ gestation.
The extensive general population sample consisted of all
participants. For the current study, data were analyzed from
213 (105 male; 108 female) participants in the intensive sample
who had data at “32 weeks prenatal” (mean weeks of
pregnancy, 32.1; SD, 2.1) and at postnatal assessment points,
as follows: “5 weeks” (mean, 5.2; SD, 1.1 weeks), “29 weeks”
(mean, 29.1; SD, 3.1 weeks), and “2.5 years” (mean, 31.4; SD,
2.5 months) (Figure S1 in Supplement 1).
Procedure and Measures
Neonatal Behavioral Assessment Scale. The Neonatal
Behavioral Assessment Scale (NBAS), a standardized measure
designed to assess orienting, motor, and emotion regulatory
processes (33,34), was administered to the intensive sample at
5 weeks after birth in the laboratory. It was conducted by a
trained administrator who carried out, in a prescribed
sequence, a range of maneuvers designed to elicit the infant’s
optimal orienting and motor performance and emotional
responses to mildly aversive procedures. There are six orient-
ing procedures during which the infant is positioned on the
administrator’s lap at 45 degrees, with the infant’s head
supported by the administrator. However, because the focus
of this study was face preference, we used only two sub-
scales: 1) orientation to the human face, assessed as the
extent to which the infant moves eyes and head to track the
administrator’s face over a 180-degree horizontal arc and 30
degrees vertically and 2) orientation to an inanimate visualPsychiatry July 15, 2015; 78:144–150 www.sobp.org/journal 145
Table 1. Source Questionnaire, Item Numbers, and Question Wording for Items Included in CU Trait Factor Analysis
APSD CBCL BITSEA
1. He/She … Is unconcerned about the feelings of othersa 14. Cruel to animalsa 22. Tries to help when someone is hurt
(for example, gives a toy)a
2. He/She … Seems motivated to do his/her best in
structured activitiesa
3. He/She … Is good at keeping promisesa 58. Punishment doesn’t change his/her
behaviora
4. He/She … Feels bad or guilty when he/she does
something wronga
67. Seems unresponsive to affectiona
5. He/She … Keeps the same friendsa 69. Selﬁsh or won’t sharea
6. He/She … Does not show feelings or emotions 70. Shows little affection toward peoplea
72. Shows too little fear of getting hurt
All potential items relating to CU traits from the CBCL, APSD, and BITSEA.
APSD, Antisocial Process Screening Device; BITSEA, Brief Infant Toddler Social and Emotional Assessment; CBCL, Child Behavior Checklist;
CU, callous-unemotional.
aItem was retained in the ﬁnal conﬁrmatory factor analysis.
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Psychiatrystimulus, a red ball (while the administrator keeps his or her
face out of the infant’s line of vision). To separate out the
effects of infant alertness and general interest and maturity
from preferential interest in faces, we transformed the two
standardized orientation scores into a face/ball mean, which
indicated general tracking ability, and face/ball difference,
indicating speciﬁc preference for the face.
Ratings were made by the administrator from memory
immediately after the assessment. To assess interrater reli-
ability, the assessments were video recorded using four
cameras placed to obtain a comprehensive picture of infant
responses. Three assessors were trained by Dr. Joanna
Hawthorne, director of the Brazelton Centre in the United
Kingdom. Pair-wise agreement (intraclass correlation coefﬁ-
cient) between independent ratings made from memory and
video recordings on 220 (out of the full intensive sample seen
at 5 weeks, N = 260) were .77 for face tracking and .75 for
tracking of the red ball.
Maternal Sensitivity. Maternal sensitivity was assessed
when infants were 29 weeks old with a 15-min standard
laboratory-based procedure (35). Mothers were asked to play
with their infants as they would at home for 7 minutes with
toys supplied by the mother and for 8 minutes with a standard
set of toys provided by the experimenter. Maternal sensitivity
was rated from video recordings on a global 5-point scale,
ranging from 1 (not at all characteristic) to 5 (highly character-
istic) reﬂecting mothers’ appropriate, supportive, warm res-
ponding to infant communications, playful bids or distress.
Training on the sensitivity measure was provided by an inves-
tigator from the National Institute of Child Health and Human
Development Network. Three raters, blind to the other measures,
coded sensitivity from video recordings. Each rater achieved
good interrater reliability for maternal sensitivity on a subset of 30
assessments (intraclass correlation coefﬁcients .85–.91).
CU Traits. CU traits were assessed via parental question-
naire when the children were 2.5 years old. The Antisocial
Process Screening Device (APSD) CU traits subscale is a
widely used measure of CU traits, but this measure has low
internal reliability (5). To create a more reliable measure of CU
traits, Dadds et al. (5) ran a factor analysis on the APSD CU146 Biological Psychiatry July 15, 2015; 78:144–150 www.sobp.org/jotraits subscale and additional items from the Strengths and
Difﬁculties Questionnaire. Following this approach, in the
current study we combined items from the APSD with items
from the developmentally appropriate Child Behavior Checklist
(CBCL) (36,37) and an additional item from the Brief Infant
Toddler Social Emotional Assessment chosen for its similarity
to the prosocial Strengths and Difﬁculties Questionnaire items
(35). Item responses for each questionnaire were 0, 1, 2, not
true, sometimes true, or very true.
To derive a CU traits factor (Table 1), exploratory factor
analysis for ordinal data (using a weighted least squares
means adjusted estimator and Promax rotation) was under-
taken in Mplus (38). The APSD item “He/She… Does not show
feelings or emotions” was removed because of problems with
empty cells in the cross-tabulation with CBCL items “Shows
little affection toward people” and “Seems unresponsive to
affection.” Examination of the scree plot offered support for a
one-factor solution (eigenvalues for ﬁrst factor 5 4.7, second
5 1.6, third 5 1.1). The only item loading ,.35 was CBCL
“Shows too little fear of getting hurt.” All other items were
included in a conﬁrmatory factor analysis (items are indicated
in Table 1) using a weighted least squares means and
variances adjusted estimator and factor scores derived for
each participant. The model ﬁt statistics suggested a reason-
able ﬁt to the data (root mean square error of approximation 5
.09, comparative ﬁt index 5 .87). The internal reliability of this
combination of items yielded a much higher Cronbach α value
(.69) than the APSD items alone (.53).
Confounders. Demographic and biological risks known to be
associated with NBAS performance and with child mental health
disorders (39) were included as potential confounders; these
included age at NBAS, gestational age (from birth records),
smoking during pregnancy (derived from information obtained at
20 weeks of gestation in the extensive sample and again at 32
weeks in the intensive sample only), maternal antisocial traits
(Maternal Antisocial Personality Disorder total symptom scores
from the Structured Clinical Interview for DSM-IV Personality
Disorders) and socioeconomic status [the English Index of
Multiple Deprivation (40)]. Participants were ranked according
to their area postal code and assigned to a quintile based on the
United Kingdom distribution of deprivation).urnal
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Factor scores from the conﬁrmatory factor analysis model (see
earlier section on CU traits) were extracted and linear regres-
sion models ﬁtted to assess their association with the
predictor variables. The two-phase stratiﬁed sample design
allowed estimates to be reported for the general population
from the stratiﬁed subsample (intensive sample) by using
inverse sampling probability weights. Weights took account
not only of the original stratiﬁcation but also of the sample
attrition up to the assessment at age 2.5 years including
mothers’ age and years of education, maternal smoking and
depression score in pregnancy, and a score of the number of
items left incomplete at the initial assessment. Variation in the
weights associated with the covariates of each model was
removed to improve efﬁciency.
Analyses were done in Stata 12 (41). Statistics for weighted
means, correlations (using aweights) and regression estimates
(using pweights) are based on survey adjusted Wald tests
(t tests if single degrees of freedom or F tests if multiple
degrees of freedom) using the robust “sandwich” estimator of
the parameter covariance matrix (42).RESULTS
Sample Description
Table 2 presents descriptive statistics for the sample. Note-
worthy are the higher CU scores for boys compared with girls
at age 2.5 years and the modest tendency to orient to the face
more than the ball at 5 weeks.
Preferential Face Tracking and Maternal Sensitivity
Initially, we ran a simple model looking at the prediction of CU
traits at 2.5 years by 5-week face and ball tracking.
As expected, increased tracking of the face was associated
with lower CU traits (coefﬁcient [coef] 5 2.10, SE 5 .035,
p 5 .004). Conversely, tracking of the ball was signiﬁcantly
positively associated with CU traits (coeff 5 .10, SE 5 .035,
p 5 .004). All subsequent analyses look at the face/ball mean
and difference scores to assess preferential face tracking
(rather than general ability to orient to a stimulus).
We examined how, in a linear regression model, CU traits
were predicted by the face/ball mean and difference scores,Table 2. Sample Weighted Descriptive Statistics for the
Population of Infants
Male Female
Mean, SD (n) Mean, SD (n)
CU Trait Factor Score .13, .48 (112) 2.77, .43 (112)
Face Tracking 7.3, 1.37 (112) 7.46, .97 (112)
Ball Tracking 6.62, 1.81 (112) 6.68, 2.07 (112)
Face/Ball Difference .50, .97 (112) .45, 1.03 (112)
Maternal Sensitivity 3.61, .98 (105) 3.60, .97 (108)
Smoking in Pregnancy .58, .82 (112) .53, .75 (112)
Deprivation Quintile 2.36, 1.24 (112) 2.16, 1.30 (112)
Mother’s APSD .02, .98 (112) 2.18, .98 (112)
Gestational Age at Birth 40.07, 1.03 (112) 40.28, 1.52 (112)
APSD, Antisocial Process Screening Device; CU, callous-
unemotional.
Biologicalmaternal sensitivity, sex, and age at NBAS (because infants
varied in testing age; mean, 5.2 weeks, SD, 1.1 weeks). The
face/ball mean score was not a signiﬁcant predictor (coeff 5
.027, SE 5 .037, p 5 .46), but difference score was associated
with later CU traits (coeff 5 2.10, SE 5 .031, p 5 .001) with
increased face tracking predicting lower CU traits. Increased
maternal sensitivity also predicted lower CU trait levels (coeff 5
2.082, SE 5 .037, p 5 .03). The control variables, sex (coeff 5
.21, SE 5 .073, p 5 .004) and age at NBAS (coeff 5 .011,
SE 5 .005, p 5 .03), were signiﬁcant with higher CU traits in
boys compared with girls and in infants assessed later on
the NBAS.
When we ran the regression model for the sexes pooled
together but including interactions with sex, neither face/ball
difference*sex (coeff 5 .012, SE 5 .033, p 5 .72) nor maternal
sensitivity*sex (coeff 5 .028, SE 5 .036, p 5 .45) interactions
were signiﬁcant. Results for separate sexes should be inter-
preted with caution. However, when we looked at the sexes
separately, we found for girls the relationship of CU traits with
face/ball difference score (coeff 5 2.097, SE 5 .035, p 5 .007)
and with maternal sensitivity (coeff 5 2.12, SE5 .038, p 5 .002)
remained strong, whereas for boys neither relationship reached
signiﬁcance: face/ball difference (coeff 5 2.058, SE 5 .055,
p 5 .29) and maternal sensitivity (coeff 5 2.073, SE 5 .059,
p 5 .22) (Figure 1). We then ran the model again to include an
interaction term between face/ball difference score and maternal
sensitivity, which was not signiﬁcant for boys (coeff 5 2.066,
SE 5 .048, p 5 .17) or girls (coeff 5 .031, SE 5 .034, p 5 .36).
Effect of Confounders
Finally, we ran a combined linear regression model including
the possible confounding effects of maternal smoking, anti-
social personality trait score, socioeconomic status, and
gestational age at birth. Results remained substantively sim-
ilar: In the overall sample, all confounders other than smoking
(coeff 5 .089, SE 5 .043, p 5 .04) were nonsigniﬁcant (p . .05).
The face/ball difference score remained signiﬁcant (coeff 5
2.11, SE 5 .032, p 5 .001), although the effect of maternal
sensitivity became nonsigniﬁcant (coeff 5 2.057, SE 5 .039,
p 5 .15). The confounder analysis was then run for boys and
girls separately. For girls, face/ball difference (coeff 5 2.085,
SE 5 .037, p 5 .02) and maternal sensitivity (coeff 5 2.12,
SE 5 .043, p 5 .009) were signiﬁcant, but none of the predictors
remained signiﬁcant for the boys (Table 3).
To check whether results were speciﬁc to our measure of
CU traits, we also ran the analysis using the APSD question-
naire as the outcome (rather than our factor score). Results
remained similar with signiﬁcant overall effects for face/ball
difference score (coeff 5 2.29, SE 5 .13, p 5 .025) and
maternal sensitivity (coeff 5 2.31, SE 5 .14, p 5 .031) on later
APSD scores.
DISCUSSION
Although reduced attention to the caregiver’s face and the eye
region in particular has been proposed to underlie the social
and emotional impairments that characterize CU traits (16), this
is the ﬁrst study to examine the developmental origins of this
behavior during infancy. Our aim was to test whether infants’
face preference and maternal sensitivity were related toPsychiatry July 15, 2015; 78:144–150 www.sobp.org/journal 147
Figure 1. Relationship between 5-week face/ball difference score and
2.5-year callous-unemotional traits. CU, callous-unemotional.
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accounting for known risk factors (e.g., deprivation). In line with
our hypotheses, we found that lower preferential tracking of a
face with direct gaze versus a red ball was predictive of later
increased CU traits, even after controlling for confounders.
Although no signiﬁcant interactions with gender were found and
any sex difference results should be interpreted with caution,
breaking the analysis down by gender showed this relationship
may be stronger in girls. Maternal sensitivity also predicted CU
traits, although the relationship remained signiﬁcant only for
girls when confounders were included in the model. However,
we did not ﬁnd support for the hypothesis that the beneﬁcial
effect of maternal sensitivity on CU traits is reduced in the
presence of reduced face preference.
Our ﬁndings provide a critical extension to previous studies
by demonstrating that reduced preference for a face with
direct gaze versus a nonsocial object at just 5 weeks of age is
associated with higher CU trait scores at 2.5 years. The
subcortical route mediating preferential face tracking in typical
development (8,43) interacts with the development of speci-
alized “social brain” regions (6) offering a potential mechanism
by which a relatively basic perceptual bias can inﬂuence
subsequent social-cognitive processing (12,44).
What might such later deﬁcits entail? It is well established in
the literature that psychopathic individuals and children withTable 3. Weighted Regression Prediction of CU Factor Scores
Overall (N 5 213)
Coeff, (Robust SE)
Face/Ball Difference 2.107a (.032)
Maternal Sensitivity 2.057 (.039)
Face/Ball Mean .008 (.036)
Age at NBAS .012a (.004)
Sex .198a (.071)
Smoking in Pregnancy .089a (.043)
Deprivation Quintile 2.014 (.030)
Mother’s APSD .005 (.042)
Gestational Age at Birth .041 (.024)
APSD, Antisocial Process Screening Device; Coeff, coefﬁcient; CU, call
aSigniﬁcant difference.
148 Biological Psychiatry July 15, 2015; 78:144–150 www.sobp.org/johigh CU traits have impairments in fear recognition owing to a
lack of attention to the relevant social features, particularly the
eyes. Processing information from the eye region is particularly
important for recognizing fearful facial expressions, and
according to Blair (45), this attention to distress cues is a
prerequisite for the development of morality and feelings of
empathy and guilt. He proposed that an early failure in the
“violence inhibition mechanism” and concomitant lack of
attention to these cues results in a failure to inhibit aggressive
responses in the context of another’s distress.
Although reduced attention to salient social features in
infancy could potentially result in the behaviors associated
with CU traits, the etiology of this reduced face preference is
unknown. Although characterizing the neural underpinning is
beyond the scope of the present study, it is reasonable to
hypothesize a role for the amygdala. The amygdala, superior
colliculus, and pulvinar comprise the subcortical visual path-
way responsible for face preference in typical newborn infants.
Limbic activation, particularly in the amygdala, is thought to be
important for recognizing fearful facial expressions (46). The
amygdala is strongly activated by the large white sclera of the
eyes, a characteristic feature of fearful faces (47). Both
amygdala-lesioned patients and children with high CU traits
show fear recognition deﬁcits that normalize on explicit
instruction to attend to the eye region (48). Damage to the
amygdala early in development has cascading effects across
development resulting in later impairments in empathy (49).
Our ﬁnding that maternal sensitivity is negatively associated
with CU traits in girls suggests that environmental factors such
as parenting can inﬂuence the developmental pathway leading
to CU traits. Results are consistent with previous studies in
which positive parenting and parental warmth predicted
decreased CU trait levels (23,24). Hawes et al. (23) found a
moderating effect of gender on the relationship between
parenting and CU traits, with positive parenting negatively
associated with CU traits, particularly in girls. Similarly,
parental warmth has been associated with a reduction in CU
trait outcomes for girls, but not for boys (22), although
Pasalich et al. (50) showed that parental warmth was neg-
atively associated with conduct problems in boys who had
higher CU trait levels. Although we know from twin studies
that CU traits are highly heritable, the magnitude of shared
environmental inﬂuences on CU traits differs between boys
and girls (30,31) potentially suggesting that in girls earlyIncluding Confounders
Male (n 5 105) Female (n 5 108)
Coeff, (Robust SE) Coeff, (Robust SE)
2.066 (.055) 2.085a (.037)
2.005 (.058) 2.116a (.043)
.008 (.045) .084 (.057)
.017a (.006) ,.001 (.004)
— —
.049 (.058) .098 (.06)
2.079 (.048) .043 (.026)
2.008 (.06) .032 (.043)
.018 (.041) .029 (.018)
ous-unemotional; NBAS, Neonatal Behavioral Assessment Scale.
urnal
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CU traits.
It is important to consider the possibility that our parental
measures may reﬂect markers of genetic risk. For example,
high levels of maternal sensitivity may be present only in
parents who have low CU traits themselves, although by
controlling for maternal ASPD scores (from Structured Clinical
Interview for DSM-IV Personality Disorders), we have
attempted to minimize this possibility. In addition, the use of
an observational measure of maternal sensitivity in the labo-
ratory may not generalize to day-to-day contexts. Another
limitation concerns the use of the NBAS to assess face
tracking. Although this measure beneﬁts from several advan-
tages, such as its broad clinical usage and high ecological
validity compared with more traditional experimental meas-
ures, it cannot be used to tease apart more ﬁne-grained
aspects of infants’ looking behavior (e.g., ﬁxations to the eyes
vs. mouth). In the future, studies using real-world eye tracking
will be important for establishing exactly where infants ﬁxate
when tracking a face. In addition, we do not know whether the
current ﬁndings relate to social versus nonsocial stimuli in
general or more speciﬁcally to face preference. To address
this, manipulations of computer-based experimental stimuli
(e.g., face with direct gaze vs. averted gaze or eyes closed) will
be required. Finally, although several studies have conﬁrmed
the validity of measuring CU traits in preschool-age children
(36,51), further work is required to determine the longitudinal
stability of CU traits at these early ages.
Another important area for future research will be to extend
the current approach by assessing the overlap with co-
occurring disorders (e.g., attention-deﬁcit/hyperactivity disor-
der) and disorders with shared symptoms (e.g., autism spec-
trum disorder, which is characterized by social interaction
difﬁculties including atypical attention to faces). Infant studies
tend to ﬁnd typical or even increased looking time to faces in
infants who later develop autism (52–55). Characterizing the
common and distinct pathways across traits of different
disorders will be important to determine the speciﬁcity of
developmental relationships to CU traits.
In conclusion, this is the ﬁrst study to show that decreased
preferential tracking of the human face soon after birth is
associated with later CU traits. This effect was slightly
stronger in girls, whereas the beneﬁcial effect of maternal
sensitivity was signiﬁcant only in girls, consistent with the
emerging idea that developmental mechanisms in CU traits
may differ between boys and girls (56,57). The results support
the hypothesis that reduced attention to social features in
infancy can have downstream consequences for the develop-
ment of socioaffective behaviors. Given the high economic
and societal cost of CU traits (increased burden on families,
higher rates of marital discord, criminality, and antisocial
behavior), understanding the role of parental sensitivity and
infant social attention provides a critical ﬁrst step toward
developing early parent-based interventions.ACKNOWLEDGMENTS AND DISCLOSURES
This work was supported by the United Kingdom Medical Research Council
Grant Nos. G0400577 and G0900654, the National Institute for Health
Research Mental Health Biomedical Research Centre at South London andBiologicalMaudsley National Health Service Foundation Trust, and King’s College
London, and a Sir Henry Wellcome Postdoctoral Fellowship to RB. The
views expressed are those of the authors and not necessarily those of the
Medical Research Council, the National Health Service, the National
Institute for Health Research, or the Department of Health.
We are very grateful to all the families who have generously participated in
the study. We also thank our research staff who contributed to study
completion together with Wirral University Teaching Hospital National Health
Service, Foundation Trust, National Health Service, Wirral and National Health
Service, Western Cheshire for facilitating recruitment and follow-up.
The authors report no biomedical ﬁnancial interests or potential conﬂicts
of interest.ARTICLE INFORMATION
From the Biostatistics Department (RB, AP), Institute of Psychiatry, King’s
College London, London; Institute of Psychology, Health and Society (HS,
NW), University of Liverpool, Liverpool; and Centre for Developmental Science
and Disorders (JH), University of Manchester, Manchester, United Kingdom.
JH’s current afﬁliation is the School for Psychology and Clinical Language
Sciences, University of Reading, United Kingdom.
Address correspondence to Rachael Bedford, Ph.D., Biostatistics
Department, Institute of Psychiatry, King’s College London, P020, Decre-
spigny Park, London SE5 8AF, United Kingdom; E-mail: rachael.bed-
ford@kcl.ac.uk.
Received Jun 26, 2014; revised Sep 4, 2014; accepted Sep 27, 2014.
Supplementary material cited in this article is available
online at http://dx.doi.org/10.1016/j.biopsych.2014.09.022.
REFERENCES
1. Hemphill JF, Hare RD, Wong S (1998): Psychopathy and recidivism:
A review. Legal and Criminological Psychology 3:139–170.
2. Porter S, Woodworth M (2006): Psychopathy and aggression. In:
Patrick CJ, editor. Handbook of Psychopathy. New York: Guilford
Press, 481–494.
3. Dadds MR, Whiting C, Hawes DJ (2006): Associations among cruelty
to animals, family conﬂict, and psychopathic traits in childhood.
J Interpers Violence 21:411–429.
4. Frick PJ, Stickle TR, Dandreaux DM, Farrell JM, Kimonis ER (2005):
Callous-unemotional traits in predicting the severity and stability of
conduct problems and delinquency. J Abnorm Child Psychol 33:471–487.
5. Dadds MR, Fraser J, Frost A, Hawes DJ (2005): Disentangling the
underlying dimensions of psychopathy and conduct problems in
childhood: A community study. J Consult Clin Psychol 73:400–410.
6. Senju A, Johnson MH (2009): The eye contact effect: Mechanisms and
development. Trends Cogn Sci 13:127–134.
7. Csibra G, Gergely G (2006): Social learning and social cognition: The
case for pedagogy. In: Munakata Y, Johnson MH, editors: Processes
of Change in Brain and Cognitive Development. Attention and
Performance XXI. Oxford: Oxford University Press, 249–274.
8. Morton J, Johnson MH (1991): CONSPEC and CONLEARN: A two-
process theory of infant face recognition. Psychol Rev 98:164–181.
9. Batki A, Baron-Cohen S, Wheelwright S, Connellan J, Ahluwalia J
(2000): Is there an innate gaze module? Evidence from human
neonates. Infant Behav Dev 23:223–229.
10. Johnson MH, Dziurawiec S, Ellis H, Morton J (1991): Newborns’
preferential tracking of face-like stimuli and its subsequent decline.
Cognition 40:1–19.
11. Johnson MH (2005): Subcortical face processing. Nat Rev Neurosci 6:
766–774.
12. Johnson MH, Grifﬁn R, Csibra G, Halit H, Farroni T, de Haan M, et al.
(2005): The emergence of the social brain network: Evidence from
typical and atypical development. Dev Psychopathol 17:599–619.
13. Marsh AA, Finger EC, Fowler KA, Adalio CJ, Jurkowitz IT, Schechter
JC, Blair RJ (2013): Empathic responsiveness in amygdala and
anterior cingulate cortex in youths with psychopathic traits. J Child
Psychol Psychiatry 54:900–910.Psychiatry July 15, 2015; 78:144–150 www.sobp.org/journal 149
Infants’ Face Preference and CU Traits
Biological
Psychiatry14. Dadds MR, Perry Y, Hawes DJ, Merz S, Riddell AC, et al. (2006):
Attention to the eyes and fear-recognition deﬁcits in child psychop-
athy. Br J Psychiatry 189:280–281.
15. Dadds MR, El Masry Y, Wimalaweera S, Guastella AJ (2008): Reduced
eye gaze explains fear blindness in childhood psychopathic traits.
J Am Acad Child Adolesc Psychiatry 47:455–463.
16. Dadds MR, Jambrak J, Pasalich D, Hawes DJ, Brennan J (2011):
Impaired attention to the eyes of attachment ﬁgures and the devel-
opmental origins of psychopathy. J Child Psychol Psychiatry 52:
238–245.
17. Dadds MR, Allen JL, McGregor K, Woolgar M, Viding E, Scott S
(2014): Callous-unemotional traits in children and mechanisms of
impaired eye contact during expressions of love: A treatment target?
J Child Psychol Psychiatry 55:771–780.
18. Farrington DP, Ullrich S, Salekin RT (2010): Environmental inﬂuences
on child and adolescent psychopathy. In: Salekin RT, Lynam DR,
editors: Handbook of Child and Adolescent Psychopathy. New York:
Guilford Press, 202–230.
19. Larsson H, Viding E, Plomin R (2008): Callous-unemotional traits and
antisocial behavior: Genetic, environmental, and early parenting
characteristics. Crim Justice Behav 35:197–211.
20. Oxford M, Cavell TA, Hughes JN (2003): Callous-unemotional traits
moderate the relation between ineffective parenting and child exter-
nalizing problems: A partial replication and extension. J Clin Child
Adolesc Psychol 32:577–585.
21. Wootton JM, Frick PJ, Shelton KK, Silverthorn P (1997): Ineffective
parenting and childhood conduct problems: The moderating role of
callous-unemotional traits. J Consult Clin Psychol 65:301–308.
22. Barker E, Oliver B, Viding E, Salekin R, Maughan B (2011): The impact
of prenatal maternal risk, fearless temperament, and early parenting
on adolescent callous-unemotional traits: A 14-year longitudinal
investigation. J Child Psychol Psychiatry 52:878–888.
23. Hawes D, Dadds M, Frost A, Hasking P (2011): Do callous-
unemotional traits drive change in parenting practices? J Clin Child
Adolesc Psychol 40:507–518.
24. Pardini D, Lochman J, Powell N (2007): The development of callous-
unemotional traits and antisocial behavior in children: Are there shared
and/or unique predictors? J Clin Child Adolesc Psychol 36:319–333.
25. Waller R, Gardner F, Hyde LW (2013): What are the associations
between parenting, callous-unemotional traits, and antisocial behavior
in youth? A systematic review of evidence. Clin Psychol Rev 33:
593–608.
26. Kimonis ER, Cross B, Howard A, Donoghue K (2013): Maternal care,
maltreatment and callous-unemotional traits among urban male
juvenile offenders. J Youth Adolesc 42:165–177.
27. Fonagy P, Gergely G, Target M (2007): The parent-infant dyad and the
construction of the subjective self. J Child Psychol Psychiatry 48:
288–328.
28. Stern DN (2001): Face-to-face play: Its temporal structure as predictor
of socioaffective development. Monogr Soc Res Child Dev 66:
144–149.
29. Essau CA, Sasagawa S, Frick PJ (2006): Callous-unemotional traits in
community sample of adolescents. Assessment 13:454–469.
30. Fontaine NMG, Rijsdijk FV, McCrory EJP, Viding E (2010): Etiology of
different developmental trajectories of callous-unemotional traits.
J Am Acad Child Adolesc Psychiatry 49:656–664.
31. Viding E, Blair R, Mofﬁtt T, Plomin R (2005): Evidence for substantial
genetic risk for psychopathy in 7-year-olds. J Child Psychol Psychiatry
46:592–597.
32. Sharp H, Pickles A, Meaney M, Marshall K, Tibu F, Hill J (2012):
Frequency of infant stroking reported by mothers moderates the effect
of prenatal depression on infant behavioural and physiological out-
comes. PLoS One 7:e45466.
33. Brazelton TB (1984): Neonatal Behavioral Assessment Scale (NBAS).
Philadelphia: Lippincott.
34. Brazelton TB, Nugent JK (1995): The Neonatal Behavioural Assess-
ment Scale, 3rd ed. London: MacKeith Press.150 Biological Psychiatry July 15, 2015; 78:144–150 www.sobp.org/jo35. National Institute of Child Health and Human Development (NICHD)
Early Child Care Research Network (1999): Child care and mother-
child interaction in the ﬁrst 3 years of life. Dev Psychol 35:1399–1413.
36. Hyde LW, Shaw DS, Gardner F, Cheong J, Dishion TJ, Wilson M (2013):
Dimensions of callousness in early childhood: Links to problem behavior
and family intervention effectiveness. Dev Psychopathol 25:347–363.
37. Willoughby MT, Waschbusch DA, Moore GA, Propper CB (2011):
Using the ASEBA to screen for callous unemotional traits in early
childhood: Factor structure, temporal stability, and utility. J Psycho-
pathol Behav Assess 33:19–30.
38. Muthén LK, Muthén BO (2011): Mplus User’s Guide, 6th ed. Los
Angeles: Muthén & Muthén.
39. Robinson M, Kendall G, Jacoby P, Hands BP, Beilin L, Silburn S, et al.
(2011): Lifestyle and demographic correlates of poor mental health in
early adolescence. J Paediatr Child Health 47:54–61.
40. Noble M, Wright G, Dibben C, Smith GAN, McLennan D, Anttila C,
et al. (2004): The English Indices of Deprivation. London: Neighbour-
hood Renewal Unit. Report to the Ofﬁce of the Deputy Prime Minister.
41. Stata Corp (2011): Stata Statistical Software. Release 12. College
Station, TX: Stata Corp.
42. Binder DA (1983): On the variances of asymptotically normal estima-
tors from complex surveys. Int Stat Rev 51:279–292.
43. Johnson MH, Posner MI, Rothbart MK (1991): Components of visual
orienting in early infancy: Contingency learning, anticipatory looking,
and disengaging. J Cogn Neurosci 3:335–344.
44. Farroni T, Menon E, Johnson MH (2006): Factors inﬂuencing newborns’
preference for faces with eye contact. J Exp Child Psychol 95:298–308.
45. Blair RJR (1995): A cognitive developmental approach to morality:
Investigating the psychopath. Cognition 57:1–29.
46. Fox E, Damjanovic L (2006): The eyes are sufﬁcient to produce a
threat superiority effect. Emotion 6:534–539.
47. Whalen PJ, Kagan J, Cook RG, Davis FC, Kim H, Polis S, et al. (2004):
Human amygdala responsivity to masked fearful eye whites. Science
306:2061.
48. Adolphs R, Gosselin F, Buchanan TW, Tranel D, Schyns P, Damasio A
(2005): A mechanism for impaired fear recognition after amygdala
damage. Nature 433:68–72.
49. Shaw P, Lawrence EJ, Radbourne C, Bramham J, Polkey CE, David
AS (2004): The impact of early and late damage to the human
amygdala on ‘theory of mind’ reasoning. Brain 127:1535–1548.
50. Pasalich DS, Dadds MR, Hawes DJ, Brennan J (2011): Do callous-
unemotional traits moderate the relative importance of parental
coercion versus warmth in child conduct problems? An observational
study. J Child Psychol Psychiatry 52:1308–1315.
51. Willoughby M, Waschbusch D, Moore G, Propper C (2011): Using the
ASEBA to screen for callous unemotional traits in early childhood:
Factor structure, temporal stability, and utility. J Psychopathol Behav
Assess 33:19–33.
52. Elsabbagh M, Bedford R, Senju A, Charman T, Pickles A, Johnson
MH, et al. (2014): What you see is what you get: Contextual modu-
lation of face scanning in typical and atypical development. Soc Cogn
Affect Neurosci 9:538–543.
53. Elsabbagh M, Gliga T, Pickles A, Hudry K, Charman T, Johnson MH,
et al. (2013): The development of face orienting in infants at-risk for
autism. Behav Brain Res 251:147–154.
54. Jones W, Klin A (2013): Attention to eyes is present but in decline in 2-
6-month-old infants later diagnosed with autism. Nature 504:427–431.
55. Young GS, Merin N, Rogers SJ, Ozonoff S (2009): Gaze behavior and
affect at 6-months: Predicting clinical outcomes and language devel-
opment in typically developing infants and infants at-risk for autism.
Dev Sci 12:798–814.
56. Dadds MR, Hawes DJ, Frost AD, Vassallo S, Bunn P, Hunter K, Merz
S (2009): Learning to ‘talk the talk’: The relationship of psychopathic
traits to deﬁcits in empathy across childhood. J Child Psychol
Psychiatry 50:599–606.
57. Silverthorn P, Frick PJ (1999): Developmental pathways to antisocial beha-
vior: The delayed-onset pathway in girls. Dev Psychopathol 11:101–126.urnal
